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The invention relates to a receiver for receiving modulated coded signals and 
comprising a phase-shift-keying demodulator for demodulating said signals and comprising a 
differential detector for decoding said signals. 

The invention also relates to a non-linear compensator for use in a receiver for 
5 receiving modulated coded signals and comprising a phase-shift-keying demodulator for 
demodulating said signals and comprising a differential detector for decoding said signals, 
and to a transceiver comprising a transmitter with a differential coder and a phase-shift- 
keying modulator for transmitting modulated coded signals and comprising a receiver for 
receiving said modulated coded signals with a phase-shift-keying demodulator for 

10 demodulating said signals and a differential detector for decoding said signals, and to a 

method for receiving modulated coded signals and comprising the steps of demodulating said 
signals via phase-shift-keying demodulation and of decoding said signals, and to a processor 
program product for receiving modulated coded signals and comprising the fimctions of 
demodulating said signals via phase-shift-keying demodulation and of decoding said signals. 

IS Such a receiver forms for example part of a transceiver used in consumer 

products for wireless communication at short distance, like for example one or ten meters. 
Said phase-shift-keying demodulator for example corresponds with a dififerential-quadrature- 
phase-shift-keying demodulator comprising a 7c/4-diflferential-quadrature-phase-shift-keying 
demodulator (n/4-DQPSK demodulator). 

20 

A prior art receiver is known from US 6,127,884, which discloses in its figure 
1 a transceiver with a receiver part for receiving modulated coded signals comprising a 
differential-quadrature-phase-shift-keying demodulator consisting of two mixers and a phase 
25 shifter for demodulating said signals and comprising a differential detector for decoding said 
signals. Said transceiver further comprises a transmitter part comprising an encoder and a 
modulator for transmitting said modulated coded signals. 
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The known receiver is disadvantageous, inter alia, in that said decoding 
process may comprise incorrect decisions as a result of a decoder output signal comprising 
interference terms. 



5 

It is an object of the invention, inter alia, of providing a receiver as defined in 
the preamble in which receiver said decoding process is improved. 

The receiver according to the invention is characterized in that said differential 
detector comprises a non-linear compensator coupled to a decoder for compensating a 
1 0 decoder output signal. 

Said non-linear compensator for compensating the decoder output signal will 
for example at least partly compensate for (parts of) interference terms present in said 
decoder output signal. As a result, said decoding process will comprise less incorrect 
decisions. 

15 The invention is based upon an insight, inter alia, that said decoder output 

signal may comprise interference terms resulting in incorrect decisions, and is based upon a 
basic idea, inter alia, that (parts of) these interference terms can at least partly be 
compensated. 

The invention solves the problem, inter alia, of providing a receiver with an 
20 improved decoding process, and is advantageous, inter alia, in that said decoding process will 
comprise less incorrect decisions. 

A first embodiment of the receiver according to the invention as defined in 
claim 2 is advantageous in that said non-linear compensator comprises a chaimel estimator 
for estimating at least one coefficient of at least one term of said decoder output signal and a 
25 remover for removing at least one term of said decoder output signal. 

Said channel estimator estimates coefficients of one or more interference terms 
and possibly of one or more non-interference terms of said decoder output signal and the 
remover removes at least one interference term of said decoder output signal. 

A second embodiment of the receiver according to the invention as defined in 
30 claim 3 is advantageous in that said receiver is designed for a Bluetooth environment. 

Said receiver comprising said n/4-DQPSK demodulator and said decoder and 
said non-linear compensator will, compared to the known Gaussian Frequency Shift Keying 
(G-FSK) technology in the 2.45 GHz band at 1 Mbit/s, allow transmission at least at twice 
this bit rate (like for example 2 Mbit/s). 
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A third embodiment of the receiver according to the invention as defined in 
claim 4 is advantageous in that said decoder ou^ut signal is defined as = Abk + Bbk-i + 
Cbtf I + Dbic* + Ebk-ibk + Fbkbk+i + Gbk-ibkbk+i + H, with said remover removing the H-term. 

Said removal of said H-term will reduce the complexity of extracting bk from 
Uk. The H-term as one and only term not being combined with bk-i and/or bk and/or bicfi can be 
removed advantageously. More generally, iik = f(bk-i,bk,bkH-i) + H, with H being 
removed/compensated. 

A fourth embodiment of the receiver according to the invention as defined in 
claim 5 is advantageous in that said remover comprises a combiner for receiving an H- 
coefficient from said channel estimator for combining said decoder output signal with said H- 
term such that said H-term is removed. 

Said combiner either receives a positive (read: original) H-coeflBcient and 
subtracts this positive H-coefficient from said decoder output signal, or receives a negative 
(read: inverted) H-coefficient and adds this negative H-coefficient to said decoder output 
signal. 

A fifth embodiment of the receiver according to the invention as defined in 
claim 6 is advantageous in that said decoder output signal is defined as Uk = Abk + Bbk-i + 
Cbk+i + Dbk* + Ebk-ibk + Fbkbk+i + Gbk-ibkbk+i + H, with said remover removing the Bbk-i- 
term. 

Said removal of said Bbk-i-tenn will reduce the complexity of extracting bk 
from Uk. More generally, Uk = f(bk.i,bk,bk+i) + H, with said Bbk-i-term being 
removed/compensated. 

A sixth embodiment of the receiver according to the invention as defined in 
claim 7 is advantageous in that said remover comprises a combiner for receiving a product of 
a B-coefficient originating from said channel estimator and a bk.i-signal originating from an 
output of said non-linear compensator and delayed by Ts for combining said decoder output 
signal with said Bbk-i-term such that said Bbk-i-term is removed. 

Said combiner either receives a positive (read: original) product and subtracts 
this positive product from said decoder output signal, or receives a negative (read: inverted) 
product and adds this negative product to said decoder output signal. 

A seventh embodiment of the receiver according to the invention as defined in 
claim 8 is advantageous in that said remover comprises a slicer located between said 
combiner and said output of said non-linear compensator for slicing the compensated decoder 
output signal. 
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Said slicer will further compensate said decoder output signal such that the 
possible values of the decoder output signal can be better distinguished from each other. In 
case of differential-quadrature-phase-shifl-keying demodulation, the nxmiber of possible 
values is equal to four. In case of differential-phase-shift-keying demodulation, the nimiber of 
5 possible values is equal to two. In case of eight-differential-phase-shift-keying demodulation, 
the nmnber of possible values is equal to eight etc. 

It should be noted that due to said combiners for subtracting/adding and due to 
multipliers for multiplying and generating said products all operating in the complex domain, 
each complex combining (subtraction/addition) will comprise two real combinings and each 
1 0 complex multiplication will comprise four real multipUcations and three real combinings. 

Embodiments of the non-linear compensator according to the invention, of the 
transceiver according to the invention, of the method according to the invention and of the 
processor program product according to the invention correspond with the embodiments of 
the receiver according to the invention. 
15 These and other aspects of the invention will be apparent from and elucidated 

with reference to the embodiments(s) described hereinafter. 

Figure 1 illustrates in block diagram fomi a receiver according to the invention 
20 comprising a non-linear compensator according to the invention. 

Figure 1 discloses a transceiver 1 comprising an antenna interface 2 coupled to 
an antenna and having an output coupled to an input of a receiving interface 3 (like for 

25 example a filter, a pre-amplifier etc.), of which an output is coupled to an input of a (7t/4- 
)differential-quadrature-phase-shift-keymg demodulator 4 or (II/4-)DQPSK demodulator 4, 
of which an output is coupled to an input of a ftuther receiving interface 5 (like for example a 
furttier filter, a further amplifier, a converter etc.), of which an output is coupled to an input 
of a differential detector 10. Receiving interface 3, (n/4-)DQPSK demodulator 4, further 

30 receiving interface 5, and differential detector 10 together form (a part of) a receiver. 

Antenna interface 2 has an input coupled to an output of a transmitting 
interface 6 (like for example a filter, an amplifier etc.), of which an input is coupled to an 
output of a (7i/4-)differential-quadrature-phase-shift-keying modulator 7 or (n/4-)DQPSK 
modulator 7, of which an input is coupled to an output of a further transmitting interface 8 
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(like for example a fiirther filter, a further amplifier, a converter etc.), of which an input is 
coupled to an output of a differential coder 30. Transmitting interface 6, (n/4-)DQPSK 
modulator 7, further transmitting interface 8, and differential coder 30 together form (a part 
of) a transmitter. 

5 Differential detector 10 comprises an input interface 1 1 (like for example a 

filter etc.) of which an input is coupled to the input of differential detector 10 and of which an 
output is coupled to a first input of a first multiplier 12 and to an input of a first delaying 
block 13. An output of first delaying block 13 is coupled to an input of a conjugating block 
14, of which an output is coupled to a second input of first multipUer 12, of which an output 

10 is coupled to an iiq)ut of a sampler 15. An ou^ut of sampler 15 is coupled to an input of a 
non-linear compensator 20. Input interface 1 1, first multiplier 12, first delaying block 13, 
conjugating block 14, and sampler 15 together form (a part of) a decoder 19. 

Non-linear compensator 20 comprises a first combiner 21 of which a first 
input is coiq)led to said input of said non-linear compensator 20, and comprises a channel 

1 5 estimator 22 of which an input is coupled to said input of said non-linear compensator 20. A 
first output of channel estimator 22 is coupled to a second input of first combiner 21, and a 
second output of channel estimator 22 is coupled to a first input of a second multiplier 24. An 
output of first combiner 21 is coupled to a first input of a second combiner 23, of which a 
second input is coupled to an output of second multiplier 24. An output of second combiner 

20 25 is coupled to an input of a sheer 25, of which an output is coupled to an input of a second 
delaying block 26, of which an output is coupled to a second input of second multipUer 24. 
First combiner 21 and second combiner 22 together form (a part of) a remover. 

The output of slicer 25 forms the ou^ut of non-linear compensator 20 and of 
differential detector 10 and is coupled to an input of a data processor 40, of which an output 

25 is coupled to an input of differential coder 30, which comprises an encoder 32 of which an 
input forms said input of said differential coder 30 and of which an output is coupled to an 
input of an output interface 31 (like for example a filter etc.), of which an output forms the 
output of differential coder 30. 

Transceiver 1 comprising the receiver 3,4,5,10 according to the invention and 

30 the non-linear compensator 20 according to the invention functions as follows. Signals 

originating from another transmitter of another transceiver and coded by another differential 
coder and modulated by another differential-quadrature-phase-shift-keying modulator all not 
shown arrive via the antenna at the antenna interface 2 and flow via receiving interface 3 to 
demodulator 4 for being demodulated. After demodulation, the demodulated but still coded 
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signals flow via furtibiCT receiving interface 5 to differential detector 10, in which these coded 
signals are decoded via decoder 19 and then compensated via non-linear compensator 20. 

Decoder 19 decodes the coded signals by interfacing said coded signals via 
input interface 1 1 and then mxiltiplying the interfaced coded signals via first multiplier 12 
5 with the complex conjugated interfaced coded signals via conjugating block 14 and delayed 
by a time-interval Ts (for example corresponding with a symbol period) via first delaying 
block 13. Finally, the multiplication result signal is sampled via sampler 15 to get a decoder 
output signal. 

This decoder output signal is for example defined as Uk = Abk + Bbk-i + Cbkfi 

10 + Dbk* + Ebk-ibk + Fbkbief 1 + Gbk-ibkbkf i + H, with bk-i being the bk-signal delayed by one 
time-interval Tg and with bk* being the complex conjugated of the bk-signal, and with Abk 
being a non-interference term with A being a non-interference coefficient, and with all other 
terms being interference terms with B-H being interference coefficients etc. Said decoder 
output signal is supplied to first combiner 21 and to channel estimator 22, which estimates 

15 the H-coefficient and supplies it to first combiner 21 which adds it (in case of the H- 

coefficient being supplied invertedly) to or subtracts it (in case of the H-coefficient being 
supplied non-invertedly) from said decoder output signal. As a result, the H-tetm is removed. 

Said removal of said H-temi will reduce the complexity of extracting bk firom 
Uk. The H-temi as one and only term not being combined with bk-i and/or bk and/or bkfi can be 

20 removed advantageously. More generally, Uk = f(bk-i ,bk,bkM) + H, with H being 
removed/compensated. 

Channel estimator 22 further estimates the B-coefficient and supplies it to 
second multiplier 24 which multiphes it with the bk-i -signal originating jfrom second delaying 
block 26 (with bk-i being the bk-signal delayed by one time-interval Ts by second delaying 

25 block 26) and adds it (in case of the B-coefBcient being supplied invertedly) to or subtracts it 
(in case of the B-coefficient being supplied non-invertedly) firom said decoder output signal 
fi-om which the H-temi has already been removed. As a result, the entire Bbk-i-term is 
removed also. 

Said removal of said Bbk-i-term will reduce the complexity of extracting bk 
30 from Uk. More generally, Uk = f(bk-i,bk,bki-i) + H, with the Bbk-i-term being 
removed/compensated. 

Slicer 25 will slice the compensated decoder output signal, which may be 
considered to be a further compensation of said decoder output signal such that the possible 
values of tiie decoder output signal can be better distinguished from each other. 
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The compensated decoder output signals at the output of non-linear 
compensator 20 are supplied to data processor 40 (thereto for example comprising a symbol- 
to-bit-converter) for example for making decisions with respect to the received symbols for 
example via a threshold detector or an equivalent unit and for example for further data 

5 processing purposes. 

Signals for examplis defined as bn-signals originating from data processor 40 
(thereto for example comprising a bit-to-symbol-converter) and to be transmitted to another 
receiver of another transceiver both not shown are coded by encoder 32 of differential coder 
30 and for example defined as Cn = Cn-ibn and flow via output interface 31 and fiirttier 

10 transmitting interface 8 to modulator 7 for being modulated. After modulation, the modulated 
coded signals flow via transmitting interface 6 and the antenna interface 2 to said antenna for 
being transmitted etc. 

The invention is based upon an insight, inter aha, that said decoder output 
signal may comprise interference terms resulting in incorrect decisions, and is based upon a 

15 basic idea, inter alia, that (parts of) these interference terms can at least partly be 
compensated. 

The invention solves the problem, inter alia, of providing a receiver with an 
improved decoding process, and is advantageous, inter alia, in that said decoding process will 
comprise less incorrect decisions. 

20 Said receiver comprising said n/4-DQPSK demodulator and said decoder and 

said non-linear compensator will, compared to the known Gaussian Frequency Shift Keying 
(G-FSK) technology in the 2.45 GHz band at 1 Mbit/s, allow transmission at least at twice 
this bit rate (like for example 2 Mbit/s). 

It should be noted that due to said combiners for subtracting/adding and due to 

25 multipliers for multiplying and generating said products all operating in the complex domain, 
each complex combining (subtraction/addition) will comprise two real combinings and each 
complex multiplication will comprise four real multiplications and three real combinings. 

Said channel estimator is of common general knowledge and is for example 
based upon the usage of a proprietary training sequence periodically sent fi'om transmitter to 

30 receiver and known beforehand at said receiver. Said demodulator, modulator, interfaces, 
multipHers, combiners, delaying blocks, conjugating block, sampler, slicer and encoder are 
themselves of common general knowledge. Said transceiver for example forms part of radios 
for laptop cards, mobile phones, printers, handheld devices, digital cameras, headsets, ISDN 
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access points, in-car subsystems, industrial applications and/or audio/video related 
equipment. 

Especially (parts of) decoder 19 and/or non-linear compensator 20 could be 
integrated well with data processor 40, Especially in decoder 19 and/or non-linear 
5 compensator 20, each block could be 100% hardware, 100% software or a mixture of both. 

The benefits of using the non-Unear compensator shall be more evident when 
higher bit rates like 4 Mbits or 10 Mbit/s are pursued. Under these circumstances, the 
estimate of said A-H can be used to provide more complex compensations and improve the 
transceiver operation further. 
10 In general, a packet preamble is used to support channel estimation at the 

receiver. The preamble comprises a certain number of bits, converted into modulated 
symbols, known beforehand at the receiver. 

Let <xic-M> - 1/N • SUM (from i = 0 to i = N-1) of Xi.M be the average function 
over the first N samples at given generic delay M. 
15 Seven average terms are introduced (these seven average terms are to be 

calculated in said chaimel estimator): 

III = <Uk> 
itl2 = <bkUk) 
ilt3=<bic.iUk) 

20 /i4 = <btnUk> 
/i5-<bkbk.i Uk> 
= < bk bkf I Uk> 
1^1 bk-i bk bk+i Uk) 

Then taking into account the known preamble sequence and the structure of Uk, 
25 the coefficients A-H can be expressed as follows: 
A = fiai) 

B = f2(ll) 

D = G' 
30 E = f4(ii) 
F = f5(ti) 
G-fisOi) 
H = f7(ti) 
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with fi to fy being derived functions from the known pieamble sequence properties and the 
structure of u^ and m={ Mi. fiz. /t3, fi4. lis. Me. /*?} . 



